The reconstruction of ankle and heel defects remains a significant problem for plastic surgeons. The following options exist for reconstructing such defects: local random flaps, reverse flow island flaps, and free flaps. However, each of these methods has certain drawbacks. Peroneal artery perforators have many advantages; in particular, they are predic table and reliable for ankle and heel reconstructions. In this study, we report our clinical ex peri ence with peroneal artery perforatorbased pedicled flaps in ankle and heel reconstructions. Methods From July 2005 to October 2012, 12 patients underwent the reconstruction of soft tissue defects in the ankle and heel using a peroneal artery perforatorbased pedicled flap. These 12 cases were classified according to the anatomical area involved. The cause of the wound, comorbidities, flap size, operative results, and complications were analyzed through retrospective chart review. Results The mean age of the patients was 52.4 years. The size of the flaps ranged from 5 × 4 to 20 × 8 cm 2 . The defects were classified into two groups based on whether they occurred in the Achilles tendon (n = 9) or heel pad (n = 3). In all 12 patients, complete flap survival was achieved without significant complications; however, two patients experienced minor wound dehiscence. Nevertheless, these wounds healed in response to subsequent debridement and conservative management. No patient had any functional deficits of the lower extremities. Conclusions Peroneal artery perforatorbased pedicled flaps were found to be a useful option for the reconstruction of soft tissue defects of the ankle and heel.
INTRODUCTION
The reconstruction of ankle and heel defects remains a significant problem for plastic surgeons, especially in patients with underlying vascular disease, which can induce circulation problems, and in patients with chronic wounds induced by severe trauma. Various options have been reported in the literature for the coverage of soft tissue defects of the ankle and heel [1] [2] [3] . Utilizing local flaps with random vascularity can provide a simple way to cover soft tissue defects; however, this technique is restricted by the limited amount of tissue that can be moved from the donor site to the defect area [4] . Distally-based sural neurocutaneous flaps have also been used for ankle and heel pad reconstruction. Due to the development of the pedicle dissection, more flexibili-ty of flap rotation and reduced donor site deformity were obtained. This flap has become one of the most common choices in ankle and heel pad reconstruction [5] [6] [7] [8] . The use of free flaps can provide well-vascularized tissue of any size distant from the zone of injury. Such a method usually requires a single-stage procedure and is associated with a reduced infection rate due to high vascularity [9] . Additionally, free flaps can be performed without considering the position of the pedicle artery perforator. However, such flaps also have disadvantages, including long periods of anesthetic use, donor-site morbidity, the potential lack of available recipient vessels, and the need for highly specific skill sets and clinical back-up [2] .
The peroneal artery perforator-based pedicled flap was originally introduced by Koshima et al. [10] in Japan in 1992. It was introduced as an alternative to distally-based sural neurocutaneous flaps in ankle and heel reconstructions [3, [10] [11] [12] . The anatomy of the peroneal artery perforator has been widely researched and found to be primarily useful for the reconstruction of ankle and heel defects. These perforators allow a flexible surgical design, with excellent applicability and reduced donor-site morbidity. Peroneal artery perforator-based pedicled flaps are one of the most effective choices for ankle and heel defects [12, 13] .
In this study, we describe the surgical technique of using peroneal artery perforator-based pedicled flaps and present the results of our retrospective analysis regarding the location of the defect area and the type and size of the flap. Moreover, we used retromalleolar cutaneous perforators arising from the most distal part of the peroneal artery in the lateral retromalleolar space in order to lower the pivot point. We can lower the pivot point by up to 1-3 cm above the tip of the lateral malleolus, leading to a shorter pedicle length and lower donor-site morbidity.
METHODS
A retrospective analysis was performed using the medical records of 12 patients who underwent heel and ankle reconstruction at the author's medical center between 2005 and 2012. For each patient, the following data were collected and recorded: sex, age, body mass index, etiology, comorbidities, the size of the defect, the area of the defect, the size of the flap, the results of the operation, and complications. The areas of the defects were classified as the Achilles tendon or heel pad. We used propeller flaps and peninsular flaps for the coverage of ankle and heel defects. Propeller flaps were used more frequently, as they allowed more flexibility in insetting and also had the advantage of greater versatility. The pivot could be applied to a soft tissue defect in any direction, up to 180 degrees. We preferred to use propeller flaps rather than peninsular flaps when a large arc of rotation was needed. Although the peninsular flap has a smaller rotation arc than the propeller flap, it has the advantage of involving a lower risk of venous congestion.
Surgical techniques
A line was drawn from the mid-popliteal point to the midpoint between the Achilles tendon and the lateral malleolus. The peroneal perforator vessels were mapped using a portable Doppler ultrasound probe in this area the day before the operation. The size of the soft-tissue defect was measured after surgical debridement was performed. The flap was designed along the direction of the peroneal artery, with the first incision made along the anterior border of the designed flap. The dissection proceeded posteriorly in the suprafascial plane, and previously confirmed perforators that appeared on ultrasound imaging were identified. Of the perforators that were identified, we chose the perforator with the largest diameter. When we operated on defects of the Achilles tendon and heel pad, we chose the most distal perforator for lowering the pivot point of the flap. When the perforator was dissected properly, a posterior incision was made, and complete undermining was performed. Retrograde intramuscular or intraseptal dissection of the selected perforator increased the length of the perforator, contributing to a greater degree of rotation arc, less tension, and longer reach. After the raw surface was covered with the elevated flap, the flap was sutured with 3-0 and 4-0 vicryl sutures, and the donor site was repaired primarily with a split-thickness skin graft. A drain was placed subcutaneously and removed when the amount of drainage was sufficiently reduced. A leg splint was applied, and strict elevation of the flap was required for one to two weeks postoperatively.
RESULTS
The mean age of the patients was 52. The average follow-up period was 9.7 months. The cause of the soft-tissue defect was trauma in four patients, pressure ulcers in six patients, and single cases of tendinous xanthoma and Achilles tendinitis. Some patients also had one or more of the following comorbidities: hypertension, diabetes, end-stage renal disease, coronary artery occlusive disease, and peripheral artery occlusive disease. Detailed information about these patients is presented in Table 1 . A total of 12 patients were included in this study. In the nine patients with Achilles tendon defects, reconstructions were performed using eight propeller flaps and one peninsular flap. All three patients with heel pad defects were treated with propeller flaps. In 10 patients, complete survival of the flaps was achieved without major complications; however, two patients experienced minor wound dehiscence.
Case 1 (patient 7, Achilles tendon defect, propeller flap)
An 18-year-old man had a soft-tissue defect of the heel area, caused by a pressure sore (grade IV). Upon examination, a 5 × 3.5 cm 2 wound was found to be located in the vicinity of the Achilles tendon. A peroneal artery perforator-based pedicled flap measuring 5 × 4 cm 2 was elevated for coverage of the defect. The propeller flap was rotated 170 degrees to cover the defect. The donor site was repaired primarily. When the patient visited the outpatient clinic four months after the operation, the flap was well taken (Fig. 1) .
Case 2 (patient 5, Achilles tendon defect, propeller flap)
A 71-year old male was involved in a car accident resulting in a chronic soft-tissue defect of the left lower leg. Upon examination, a 6 × 3 cm 2 wound was found to be located in the vicinity of the Achilles tendon. A peroneal artery perforator-based pedicled flap measuring 9 × 3 cm 2 was elevated for coverage of the defect. The propeller flap was rotated 80 degrees to cover the defect. The donor site was covered with a split-thickness skin graft (Fig. 2) .
Case 3 (patient 12, heel-pad defect, propeller flap)
A 42-year-old man had a soft-tissue defect of the heel pad, caused by a pressure sore (grade IV). The size of the defect was 5 × 4 cm 2 . A peroneal artery perforator-based pedicled flap measuring 6 × 4 cm 2 was elevated for coverage of the defect. The propeller flap was rotated 160 degrees to cover the defect. We chose a perforator that was sufficiently distant from the zone of injury. The donor site was covered with a split-thickness skin graft. When the patient visited the outpatient clinic five months after the operation, the flap and split-thickness skin graft were well taken (Fig. 3) .
DISCUSSION
The reconstruction of soft tissue defects overlying the ankle and heel area remains a significant problem for plastic surgeons. Wound healing by secondary intention in this mobile area is significantly prolonged, leading to chronic, intractable wounds. Soft-tissue defects of the ankle and heel caused by diabetic ul- cers, trauma, burns, melanomas, pressure sores, or osteomyelitis cannot usually be covered with a simple skin graft. Skin grafting alone is indicated only in few cases due to an inhospitable recipient site, as secondary graft contracture will tether the tendon. In order to preserve the function of the Achilles tendon, soft tissue reconstruction must cushion the tendon while permitting gliding. Moreover, shoes can only be worn if the transferred tissue is not too bulky. In order to minimize unstable scar formation, the transferred tissue must resist shearing forces and pressure [1,5,14-18].
Various options have been reported for the coverage of soft tissue defects on the ankle and heel area. Several proximally based vascular flaps from the foot have been developed for covering such defects. These flaps include the dorsalis pedis island flap, the medial and lateral plantar island flaps, the extensor digitorum brevis muscle flap, the flexor digitorum brevis muscle island pedicle flap, and the lateral calcaneal flap [6] [7] [8] [9] . The lateral calcaneal artery flap, originally described by Grabb and Argenta [8] in 1981, is an axial-pattern fasciocutaneous flap that includes the lateral calcaneal artery, short saphenous vein, and the sural [11, 12] . However, they require the sacrifice of an important leg artery and create obvious contour deformities at the donor site. The distally based sural neurocutaneous flap also has been used for ankle and heel pad reconstruction, since Masquelet and Romana [18] first introduced the distally based superficial sural neurocutaneous flap in 1990. Initially, some complications may be caused by designing the flap to be too large and making the pivot point too distal. The complications associated with this flap have been reported to include partial necrosis, wound dehiscence, hypo-or hyperesthesia such as paresthesia or numbness caused by damage to the sural nerve, and morbidity of the donor site. In order to avoid these complications, management of the pedicle in distally based neurocutaneous flaps has been performed. Several studies have proven the effectiveness of distally-based sural neurocutaneous flaps, which provide a constant blood supply as well as easy and quick elevation [11, 12, 19] . Free flaps can be performed for reconstruction of the heel pad. An advantage of doing so is that the flap itself has good vascularity, and almost no limitation exists on its use regardless of its distance from the defect site. The anterolateral thigh perforator free flap is an acceptable method for heel coverage. However, the peroneal artery perforator-based pedicled flap is a relatively easy and less time-consuming procedure in comparison with the anterolateral thigh perforator free flap, as it avoids the complexity, the multiple surgical sites, and the extra costs associated with free flaps and microsurgery. Due to their well-described anatomy and vasculature, peroneal artery perforator-based pedicled flaps have been used for reconstructing ankle and heel defects. An anatomical study of fibular osteoseptocutaneous flaps showed that peroneal artery perforator-based pedicled flaps were more adaptable because they supplies a wider area and have a constant supply of arterial blood [20, 21] . In 2003, Heitmann et al. [22] studied the vasculature of the peroneal artery, focusing on the perforator vessels. They dissected 20 fresh cadaver legs and identified a total of 95 cutaneous perforators of the peroneal artery greater than 0.3 mm. The average number of cutaneous perforators was 4.8 (range, three to seven) per leg. The cutaneous perforators were either musculocutaneous (34%) or septocutaneous (66%). The musculocutaneous perforators were found predominantly in the upper thirds of the lower leg, while the septocutaneous perforators were located in the lower two thirds of the leg [22] .
In this study, 12 patients underwent the reconstruction of softtissue defects of the ankle and heel using peroneal artery perfora- [12] recommended peninsular flaps as the first flap of choice for the reconstruction of the lower extremities. Reflecting the perforator-plus concept, the peninsular perforator flap has not only a dual arterial supply, from both the perforator itself and a random supply from its base, but also dual venous drainage. Moreover, the peninsular perforator flap is easy to elevate, and does not require the tedious dissection of the perforator. However, its rotation arc is limited by its base and is smaller than the rotation arc of the propeller flaps. In contrast, propeller flaps have the advantage of a high freedom of design and insetting. With the performance of tedious perforator dissection, propeller flaps could cover defects at any location in the lower extremities. Propeller flaps are more prone to venous congestion than peninsular flaps, but no venous congestion was found in our cases. According to the anatomical study of Chang et al. [23] regarding the posterior malleolar space, two or three retromalleolar perforators are generally present, and one usually is larger than 0.5 mm. We were able to find reliable perforators in this area by using a portable Doppler ultrasound. Compared to the distal pivot point of the reverse sural neurocutaneous flap, which was observed to be 4-7 cm above the tip of the lateral malleolus [6, 20] , we were able to make the distal pivot point of the flap even more distal (1-3 cm above the tip of the lateral malleolus) using peroneal artery perforator-based pedicled flaps from the lateral retromalleolar area. For example, lowering the vascular pivot point of the flap by 1 cm results in the proximal donor site moving less than the usual 2 cm to the distal leg, thus reducing donor-site morbidity. We usually repaired the donor site of the peroneal artery perforator-based pedicled flap with a skin graft, as the peroneal artery perforator-based pedicled flaps that we applied to the defects were somewhat large. This could be thought of as one disadvantage of using a peroneal artery perforator-based pedicled flap. However, the degree of donor-site morbidity is much less than the donor-site morbidity of reverse peroneal flaps or free flaps. Moreover, when patients underwent more than two months of follow-up, we observed acceptable functional and aesthetic results. Of the 12 patients, 10 achieved complete flap survival without major complications, although two patients experienced minor wound dehiscence. Nevertheless, both wounds healed after debridement and conservative management. No patients had any functional deficits of the lower extremities upon outpatient follow-up.
In this study, surgical nerve repair was not performed. The reinnervation of the flaps would have improved the sensory recovery of the reconstructed site. The average follow-up period of this study was 9.7 months, which was not long enough to assess nerve reinnervation. However, previous clinical studies have found that most flaps gained protective sensibility after 12 months, regardless of surgical nerve repair [24, 25] .
The major limitation of this study is that it evaluated a small sample of patients. Further study is needed, with larger patient groups, in order to analyze the relationships between various comorbidities and clinical outcomes. However, we verified the effectiveness of peroneal artery perforator-based pedicled flaps for ankle and heel reconstruction in comparison to previously used methods. Peroneal artery perforator-based pedicled flaps are a reliable modality of ankle and heel reconstruction, and have the advantage of involving the movement of a relatively large fasciocutaneous flap with a reliable blood supply that is similar to the original tissue and does not require microvascular anastomosis. In addition, we used a perforator from the lateral retromalleolar area, thereby lowering the pivot point and reducing the donor-site morbidity.
